Abstract -Poor quality electric power has traditignally been blamed for electrical and electronic equipment malfunctions and failures in rural Alaskan communities. This paper reports results of a recently completed project in which disturbance analyzers provide the first comprehensive power quality data from Alaskan villages.
INTRODUCTION
Increasingly sophisticated electrical and electronic equipment is being utilized in small Alaskan villages. This ranges from communications satellite earth stations, computers and office equipment to controllers and circulating pump motors. The isolated electric power systems of these communities are almost universally supplied by diesel engine-driven generators in the 100 to 1,000 kVA range and are often characterized by small distribution transformers with long secondaries.
Poor electric, power quality has repeatedly been blamed for electrical equipment malfunction and failures, even though data to substantiate this viewpoint were lacking. A project undertaken to remedy this lack of data was recently completed and the results are reported in this paper. Although extensive studies monitoring power line disturbances have been completed more than a decade ago, [1] , the authors believe that this paper represents the first comprehensive electric power quality data from isolated rural Alaskan villages to appear in the open literature-. Data were collected from four communities for a total cff 1,010 days. These data help identify the scope of the power quality problem in rural Alaska and help approach the larger question of what equipment is necessary and appropriate to protect in a cost-effective way the electrical and electronic systems used in remote Alaskan locations.
SITE IDENTIFICATION
The process of choosing villages was determined by several considerations: (a) reviewing power availability for small earth stations [2] ; (b) Public Health 84 SM 640-9
A paper recommended and approved by the IEEE Surge Protective Devices Committee of the IEEE Power Engineering Society for presentation at the IEEE/PES 1984 Summer Meeting, Seattle, Washington, July 15 -20, 1984 . Manuscript submitted February 1, 1984; made available for printing May 10, 1984. Service (PHS) circuit availability; (c) Federal Aviation Administration (FAA) facility and service outage reports; (d) accessibility to candidate villages; and (e) state facilities availability for placement of equipment. The power availability for earth stations and PHS circuit availability were categorized into four breakdown causes: (1) outages caused by power; (2) environmental; (3) equipment; and (4) unknown. Two separate lists of candidate villages were made; one from the earth station data and the other from PHS circuit availability.
The resulting lists included villages that reported the most outages. All four breakdown categories were weighted equally in the process of selection. Hence, a village with a high number of outages-in one category and low numbers in the other three would not lend itself to candidacy. Finally, a single l ist was made by choosing villages from each list that matched in data reported from the two sources, thereby reducing the possibility of erroneous data. The FAA reports were coded as follows:
(1) scheduled maintenance; (2) line outages; (3) improvements; (4) power failure; (5) power failure standby; (6) propagation conditions; (7) weather effects; (8) software; (9) unknown; and (10) other.
The list of candidate villages resulting from FAA reports was determined in a similar fashion as that used for the earth station and PHS circuit availability list. The final selection utilized data from all above sources.
This study was primarily concerned with measuring electric power qualityiat user locations likely to receive sensitive office automation and computer equipment. Therefore, in three of the four villages the data collecting site was an office in a public building. In the fourth site, Ambler, data were recorded at the service entrance of the public school. In all cases a single phase 120V line to neutral, 60 Hz source was monitored, supplied by a four wire grounded wye system. Page limitations preclude a more detailed power system description. All four data collecting sites were in relatively modern buildings following National Electrical Code requirements for wire size and distribution. Overvol.tage protection was not present at any site. The power generating plants and data collecting sites were centrally located -in all communities.
Type and character of electrical loads at each site were standard office equipment, fluorescent and incandescent lighting, small refrigerators and freezers, circulating pumps and air handling equipment. The probable maximum individual motor rating at any location was less than 10 hp.
DESCRIPTION OF DISTURBANCE ANALYZER MEASUREMENT CAPABILITIES
The power line disturbance analyzers utilized in all cases for data collecting were Dranetz Model 606-3 units with option 101 (over/under frequency monitoring). Sag/surge duration and timing of all events including power outages are also recorded.
The Dranetz 606-3 power line disturbance analyzer has isolated circuits for three individual phase inputs. These inputs are isolated from each other, the internal power supply and ground. In al l but one of the data sites the only power source available was a single phase branch circuit feeding a single duplex outlet. For uniformity, the disturbance analyzers were in all cases powered by the same single-phase circuit that was being monitored.
There has been concern that the disturbance analyzer power supply might affect impulse measurements. The units which provided data for this paper Table IV shows the number and percentage of days in which the maximum impulse occurred within a 50V to 99V range or had an amplitude greater than 99V. The number of impulses in each category is given as well as the average of the monthly maximum impulse magnitudes recorded at each location. The maximum impulse measured at each site is also included. Impulse voltage threshold at all sites was 50V. Table V gives a summary of outage data. Included is the total number of known duration outages at each data collection site, total number of outages, total known duration outage time, average outage duration and average number of days between outages.
Figures 1 through 4 provide one representative month of power system disturbance data for each community included in the study. Included on a daily basis are maximum and minimum frequency, maximum and minimum average voltage, maximum sag and surge voltages, maximum impulse voltage and total number of impulses (50V threshold), number of sags and sag duration and number of surges and surge duration (3 to 5V threshold). Thus these figures give more detailed information than is possible to show in Tables I through V. ESTABLISHED LIMITS OF ACCEPTABLE POWER QUALITY Several references define acceptable power quality limits for computer systems [14, 19, 20, 22 for example] and at least one addresses communications systems [22] . General agreement exists that +6% and -13% rated voltage steady-state limits are necessary, although at least one computer manufacturer is reported to require ±4% tolerance [20] . Opinions about acceptable power quality differ for transients lastina less than 2 [20] , although at least one major computer company specifies ±1.0 Hz.
Voltage and frequency fluctuations are known to cause detrimental effects in electric motors, but the authors have not found an electric motor manufacturer or supplier who is willing or able to provide information relating such power anomalies to motor damage or reduced service life. Some users of motors in small 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 of transformer secondary conductors as key elements in improving the power system itself. In addition, adequate grounding is often difficult to achieve and maintain in permafrost areas and where seasonal frost depth exceeds normal ground rod lengths.
CONCLUSIONS
The following conclusions may be drawn from data presented in this paper:
(1) As shown in Tab- I would certainly encourage the authors of this paper and others to report on other findings relating to rural electric power systems. The specialized procedures of design and operation of these systems have been neglected in the literature.
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Francois D. Martzloff (General Electric Co., Schenedtady, NY): This paper is indeed a very useful contribution to the data base on the occurrences of power system disturbances. However, the section dealing with the results obtained on the occurrence and levels of "impulses" might still be misleading even though the authors make a passing reference to the question on the effect of the built-in surge suppressor of the Dranetz Analyzers used the measurements.
The problem arises from a characteristic of the Dranetz equipment, which exists for both Models 606 and 626, and which was not recognized at the time the measurements were made but is now pointed out in more recent Dranetz instruction manuals. In order to protect the electronics of the Disturbance Analyzer from damage by overvoltages in the power supply to these internal electronics, a surge suppressor has been provided in the input to the power supplynot to the monitoring input of course. However, if the ac power system being monitored is the same as the power system in which the instrument power supply cord is plugged-a likely possibility in the general case, and which is precisely situation of the measurements reported in the paper-then the observations of surge occurrences on that power system are those of a system whose transients have been suppressed! To support this claim, Fig. I shows an oscillogram recorded at the output of a surge generator which provides both 120 V ac power and the IEEE/ANSI C62.41 (formerly IEEE 587) ringwave, Category B. The oscillogram shows the surge without the Dranetz analyzer plugged in the test system output, and, superimposed, the effect of plugging the POWER CORD ONLY of the Dranetz analyzer in the test system output. Without the analyzer, the open-circuit voltage is 3 kV; with the analyzer plugged in, the output voltage is reduced to 1. I kV.
The Category B characteristics are 6 kV open-circuit voltage, 500 A short-circuit current, therefore a source impedance of 6000 : 500 = 12 ohms. From the circuit values of Fig. 2 , the unknown effective impedance of the analyzer, Z, can be computed to be only 7 ohms. The authors cite a 16-ohm impedance at 1 MHz; assimilating the first loop of the test wave to a half sine wave with a duration of 2.5 microseconds, the equivalent frequency in Fig. 1 would be 200 kHz (a period of 5 microseconds) for which the impedance resulting solely from a capacitor would be higher than the 16 ohms at 1 MHz. Thus, it appears that there is additional parallel impedance on the line cord input, since the simplified computation of Fig. 2 [3] . Fig. 4 shows the open-circuit output of the surge generator at 6 kV (upper trace) and the output with the line conditioner feeding the analyzer plugged in (lower trace). There is no detectable effect on the impinging surge. Thus, by merely inserting the line conditioner in the power cord of the analyzer, the issue disappears, and measurements can be obtained without the present ambiquity which can cause a sense of false security in the relatively low levels of impulse cited. 
